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Abstract 
The rate of transesterification reaction is very slow as oil is sparingly soluble in methanol. In the present work, castor oil as  
non-edible oil source was investigated for the synthesis of fatty acid methyl ester (FAME). To enhance transesterification reaction, purified castor 
oil was treated with microwave energy prior to alkaline transesterification reaction. The experimentally observed FAME yield was compared with 
FAME yield achieved with microwave energy untreated castor oil at the same reaction condition. 95.6 wt. % FAME yield was exhibited with oils 
treated with microwave energy as compared to 84.034 wt. % FAME yield untreated with microwave energy while the reaction time was reduced 
from 60 min to 30 min. Central composite Design (CCD) technique of response surface methodology (RSM) was used to investigate the interaction 
effect of reaction variables and optimize these variables for maximum FAME yield. At optimal condition 96.12 wt. % FAME yield was predicted 
from model equation while 95.4± 0.3 wt. % FAME yield was demonstrated by the experiments conducted twice at optimal condition. 
 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICPEAM 2016. 
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1. Introduction 
The rising energy demand from fossil fuel sources associated with its environmental impact triggers the search for alternative 
renewable fuels. Biodiesel is one of the promising alternative renewable energy sources to complement petroleum based diesel fuel. 
It was reported that mixing of small amount of biodiesel with petro-diesel drastically reduces the emission of pollutants caused by the 
use of diesel fuel alone. Biodiesel is produced by the transesterification reaction of vegetable oil or animal fats with low molecular 
alcohol (methanol and ethanol) in the presence of catalyst or at supercritical condition [1]. Investigation conducted by different 
researchers demonstrated at present more than 95 percent of biodiesel is produced from edible oil sources. On the other hand, the 
global demand of edible oil sources is increasing every year. Diversion of edible vegetable oil for biodiesel production is difficult to 
justify as it affects the cost of biodiesel as well as food industry.  Use of alternative non-edible oil sources such as castor oil, jatropha 
oil, algae oil, karanja (Pongamia pinnata), tobacco (Nicotiana tabacum), rubber plant (Hevea brasiliensis), waste cooking oil etc. are 
gaining increasing attention and are broadly under investigation [2 - 4].   
The limited solubility of oil in methanol affects the rate of transesterification reaction even though catalysts are used to enhance 
the reaction. Application of different techniques such as ultra-sonication, use of co-solvent, phase transfer agents and microwave 
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irradiation can increase the mass transfer between the reacting components ultimately increasing the reaction rate of 
transesterification [5-7].  
Castor oil is non-edible oil sources produced from ricinus communis or castor tree. It grows all over the world. India is the leading 
producer and exporter of castor oil while China and Brazil comes second and third, respectively. Of non-edible oil, castor oil is the 
second high oil yield plant which is about 1.1 tons per hectare while jatropha gives the highest which is  about 1.9 tons per hectare 
[8]. On average castor seed contains 40 to 55 % oil [9]. Castor oil appears as pale yellow in colour, and clear liquid at room 
temperature. Castor oil mostly composed of Ricinoleic ሺͺͷͻͲΨሻ ǡǡǡ
    Ǥ ǡ           
ሾͳͲǡͳͳሿǤ
Use of microwave energy as energy source for organic reactions have been an attractive method in the middle of 1980s [12].  
Different studies on microwave heating system indicated that it is an efficient method of heat supply in which the reaction occurs 
rapidly, safely and with higher product yields. Microwave energy accelerates chemical reaction because of selective absorption of 
microwave energy by polar molecules. Fast and evenly distributed internal heating through all samples as compared with the 
conventional was observed in microwave irradiation heating [13].The basic principles of microwave energy heating involve mixing 
of  polar molecules or its ions that oscillate under the influence of an oscillating electric or magnetic field. In the presence of 
oscillating field, particles try to re-align themselves or be in phase with the field. The motion of oscillating particles is hampered by 
resistance force that is inter-particle interaction and electric resistance forces, and it restrict the movement of particle while 
generating random motion that produces heat [14]. 
In this study, the effect of microwave irradiation heat treatment of castor oil prior to alkaline transesterification reaction was 
investigated. The reaction variables interaction effect and optimal condition were determined using central composite design of 
response surface methodology. 
2. Materials and Methods 
2.1 Materials 
Castor oil was procured from local supplier (Best Formula Industries, Kuala Lumpur, Malaysia). Chemicals used were methanol 
with  ≥ 99.7% purity, n-hexane with a purity of purity ≥ 99%), NaOH (purity ≥ 99%), KOH with a purity of  ≥ 85%, iso-propanol 
(CH3CHOHCH3, purity 99.8%), reagent grade acetic acid, diethyl ether (C4H18O) and other pro-analysis chemicals supplied by 
Avantis Laboratory Supply, Malaysia. Standard chemical kits for analysis of biodiesel in gas chromatographic were procured from 
Sigma Aldrich, Malaysia. 
2.2 Oil characterization and purification 
AOCS official method cd 3d-63(2003) titration method was employed to investigate the acid value. A calibrated pycnometer 
(Jayteck, UK) was used for measuring the density of oil and fatty acid methyl ester (FAME). Brookfield with model cap 2000+ 
viscometer (USA) was utilized to determine the viscosity of oil and FAME. Pensk-Martens automatic flash point analyser was used 
to determine the flash point, the heat content (calorific value) of castor oil was measured using bomb calorimeter. 
2.2.1 Oil Purification 
Since castor oil free fatty acid (FFA) content is greater than 2%, the oil need to be purified by esterification reaction in order to 
reduce the FFA content to about 2% or less. In the oil purification process, 100 gm of oil, methanol (12:1 molar ratio of methanol to 
oil), and 2 wt % sulfuric acid concentration as acid catalyst were added into a two neck round bottom reactor with a reflex condenser. 
The reaction was conducted at 80oC, 400 rpm for one hour. After one hour, the mixtures in the reactor were separated and purified oil 
was recovered for further transesterification reaction. 
2.3 Design of experiment   
The reaction variables individual and interaction effects during transesterification reaction on the yield of FAME and the optimum 
reaction condition for maximum FAME yield were investigated using design of experiment (DOE). Central composite design (CCD) 
technique of response surface methodology (RSM) was used to design the experiments at different variable combination. The 
experimental results were fitted using a polynomial quadratic equation (1) for detail analysis of reaction variables on the response 
variables (FAME yield). MINITAB 14 software packages were used for DOE. The statistical significance of the mathematical model 
equation was tested using analysis of variance (ANOVA) with 95% confidence intervals. 
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Where: Yi is the predicted response and Xi is the input variables. The term βo is the offset term (intercept), βi is the linear terms, βii 
is the squared terms and βij is the interaction terms and Xj is the cross term to represent two-parameter interactions 
2.4 In-situ Transesterification Reaction Experiment 
Ten grams of purified castor oil was prepared and placed in the round bottom flask reactor and pre-treated with microwave energy 
at a pre-determined time. Required quantity of alkaline methanol was prepared in a separate flask, preheated to the reaction 
temperature and then added to the round bottom flask reactor to start the reaction. The flask was immersed in a silicon oil bath 
thermostat immediately to maintain the reaction temperature. After a specified reaction time, the reactor was withdrawn from the 
thermostat. The liquid mixtures were transferred to a separation funnel. In the separation funnel, the liquid mixtures were separated 
into two phases.  The top layer consists of FAME and minor impurities. The bottom layer consists of glycerol, traces of unreacted oil, 
catalyst, unreacted methanol, moisture and other impurities. After the bottom layer was removed, the top layer was washed with 
warm water of about 50 to 60oC several times to separate FAME from contaminants; the remaining traces of moisture in FAME  was 
removed by passing the mixture through a bed of sodium sulphate particles. The Purified FAME was weighed and stored in a screw 
capped bottle for further analysis of its properties. The yield of FAME was determined using equation (2) 
   
  
oil of weight Total
FAMEofweight%total*produced biodiesel ofWeight 
 =FAE yield%                                                          (2) 
 
3. Result and Discussion 
3.1. Castor oil purification and its properties 
The free fatty acid content of refined castor oil purchased from the local supplier was found to be 3.5%. However, after 
purification of free fatty acids using esterification reaction, the free fatty acid of purified castor oil was reduced to be 0.53 % which is 
well below 2 % such that the transesterification reaction can be catalysed by alkaline catalyst. Other physicochemical properties of 
castor oil was investigated as presented in Table 1. 
Table 1: Physicochemical properties of castor oil 
Property Unit Quantity 
Acid value before purification mg KOH/g 9.84 
Free fatty acid before purification % 3.4 
Acid value after purification mg KOH/g 1.53 
Free fatty acid after purification % 0.53 
Saponification Value mg KOH/g 186 
Iodine value mg I2/g Oil 89 
Dynamic viscosity at 40oC cP 554.3 
Specific gravity at 25oC - 0.935 
Calorific Value  cal/g 93361 
3.2 Transesterification reaction of castor oil 
Preliminary experiments were conducted to observe the effect of microwave irradiation heating of castor oil prior to 
transesterification reaction. For comparison, transesterification experiments were conducted with microwave irradiation heat 
untreated castor oil at the same reaction condition of  6:1 molar ratio of methanol to oil, 1.5 wt.% NaOH concentration as a catalyst, 
50oC reaction temperature and 400 rpm mixing speed. For microwave energy pre-treated oil, the oil was heated in a microwave for 2 
minutes and the reaction was started immediately. It was observed that 84.03 wt. % FAME yield was achieved for microwave 
untreated oils in 60 minutes of reaction time.  For microwave pre-treated castor oil, 95.6 wt. % FAME yield was obtained in only 30 
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minutes of reaction time.  The FAME yield exhibited at the two conditions demonstrated that microwave pre-treatment of castor oil 
has significantly increase the yield of FAME while reducing the reaction time from one hour to half hour. Further investigation was 
conducted to study the parametric cross effects on the yield of FAME using CCD of RSM that helped to optimize the reaction 
variables for maximum FAME yield as shown in section 3.3 and 3.4.   
3.3 Parametric study and Optimization  
Based on a set of preliminary experiments, it was observed that the yield of FAME, Y, is mainly dependent on four reaction 
variables of microwave heating time (MWHT), catalyst concentration (NaOH), methanol to oil (MeOH : oil) molar ratio and reaction 
time while the reaction temperature and mixing speed are kept constant at 30oC and 400 rpm, respectively.  It was considered that 
each reaction variable takes four different levels from low (-2), (-1), (0), (1) and to high (2). The range of variables, step size and the 
central value were chosen as shown in Table 2.   
 
Table 2: Experimental range and level of the independent variables 
Variable 
 
 
Unit 
Range and levels 
-2 -1 0 1 2 
MWHT min 1 2 3 4 5 
NaOH Wt.% 0.25 1 1.75 2.5 3.25 
MeOH : oil mol/mol 2.25 4.5 6.75 9 11.25 
R. time min. 10 20 30 40 50 
 
A factorial of 24 CCD for 4 independent variables was used at 4 levels to run total of 31 experiments. The variables, the variables 
combination for each experimental run and experiment results were presented in the Table 3. CCD of RSM analysis was used to 
investigate the effect of independent variables and its combination. Minitab 14 DOE software was utilized for statistical analysis of 
experimental FAME yield achieved in each variable combinations 
From the multiple regression analysis of the experimental data, second order polynomial model equation (3) was obtained. This 
model equation was used to predict the yield of FAME presented in Table 3 
Table 3: Comparison of experimentally achieved FAME and FAME yield predicted by model equation (3). 
Run 
Order 
MWHT 
(min.) 
NaOH Conc. 
(wt.%) 
MeOH:Oil 
(mole/mole) 
R Time 
(min.) 
Experimental 
FAME yield 
(wt.%) 
Predicted 
FAME yield  
(wt.%) 
1 2 2.5 9 20 58.32 64.76 
2 3 1.75 6.75 10 71.9 69.52 
3 4 1 9 20 74.6 71.96 
4 3 3.25 6.75 30 46.87 39.91 
5 2 1 9 20 71.83 68.36 
6 2 1 4.5 40 77.45 76.31 
7 2 1 4.5 20 74.12 75.34 
8 4 1 4.5 20 73 73.46 
9 3 1.75 6.75 30 94.65 95.05 
10 5 1.75 6.75 30 79.9 83.13 
11 4 2.5 4.5 20 55.9 56.09 
12 4 2.5 4.5 40 53.7 57.15 
13 1 1.75 6.75 30 85.33 81.93 
14 3 1.75 6.75 30 96.25 95.05 
15 2 2.5 4.5 40 56.74 59.55 
16 3 0.25 6.75 30 53.9 60.70 
17 2 2.5 9 40 81.56 81.08 
18 2 1 9 40 84.52 84.50 
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19 3 1.75 2.25 30 65.47 64.39 
20 4 2.5 9 40 85.2 84.16 
21 3 1.75 6.75 30 95.73 95.05 
22 4 1 4.5 40 80.6 74.34 
23 3 1.75 6.75 50 84.5 86.72 
24 4 1 9 40 89.6 88.01 
25 2 2.5 4.5 20 56.82 58.40 
26 3 1.75 11.25 30 83.5 84.42 
27 3 1.75 6.75 30 93.91 95.05 
28 3 1.75 6.75 30 95.6 95.05 
29 4 2.5 9 20 66.8 67.93 
30 3 1.75 6.75 30 92.8 95.05 
31 3 1.75 6.75 30 96.4 95.05 
 
12.2617.00062.098.10024.061.014.0
04.002.189.1913.383.165.559.493.15 2222

 
CDBDBCADACAB
DCBADCBAYFAME
       
(3) 
 
Where: YFAME is the predicted response and A is MWHT, B is NaOH concentration, C is MeOH : oil molar ratio and D is reaction 
time 
The importance of the terms in the quadratic model equation was evaluated using statistical analysis of CCD of RSM as presented 
in Table 4. The P and T values were key parameters to investigate linear, quadratic and cross variables effect on the yield of FAME. 
The significance of each coefficients in the model equation were demonstrated by small p-value that need to be less or equal to 0.05 
or higher t-value. Based on this analysis, during the reaction, the formation of FAME yield was affected by the liner terms B (NaOH 
conc.), C (MeOh:Oil), D (R time) significantly. All the square terms have also significant effect of FAME yield. The interaction 
terms B*C, B*D and C*D exhibited greater effect on FAME yield while the effect of the remaining variable interaction effect were 
less significant.  
Table 4: The values of T and p in the model equation (3) for the regression coefficients analysis.  
Term     Coef SE Coef T P 
Constant         95.0486 1.5525 61.222 0.000 
A            0.2992 0.8385 0.357 0.726 
B     5.1975 -0.8385 -6.199 0.000 
C    5.0067 0.8385 5.971 0.000 
D          4.2992 0.8385 5.128 0.000 
A*A              -3.1290 0.7681 -4.074 0.001 
B*B   -11.1865 0.7681 -14.563 0.000 
C*C      -5.1615 0.7681 -6.720 0.000 
D*D          -4.2328 0.7681 -5.511 0.000 
A*B         -0.1075 1.0269 -0.105 0.918 
A*C          1.3688 1.0269 1.333 0.201 
A*D  -0.0237 1.0269 -0.023 0.982 
B*C 3.3338 1.0269 3.246 0.005 
B*D 0.0462 1.0269 0.965 0.045 
C*D 3.7925 1.0269 3.693 0.002 
551 Sintayehu Mekuria Hailegiorgis et al. /  Procedia Engineering  148 ( 2016 )  546 – 552 
S = 4.108   R-Sq = 96.0%   R-Sq (adj) = 92.4% 
 
The regression coefficients were also statistically analyzed using the F-test and the P-test as shown in the Table 5 The high F-test 
value and low P-value with probability less or equal to 0.05 demonstrates the validity of the quadratic model equation to predict the 
yield of FAME. From the Table5, it can be observed that the “lack of fit test” that is the comparison of the residual error to the pure 
error from replicated experimental points signified a high F-test value of 63.61 and a 10.55% pure error. 
The experimentally achieved FAME yield was also compared with the model equation predicted yield of FAME as depicted in 
Figure 1. It was observed that the experimentally observed FAME yield was in good correlation with model predicted FME yield 
with a correlation R2 value of 96%. 
Table 5: Analysis of Variance for FAME yield 
Source                 DF Seq SS Adj SS Adj MS F P 
Regression 14 6426.67 6426.67 459.05 27.21 0.000 
Linear          4 1695.67 1695.67 423.92 25.13 0.000 
Square          4 4292.84 4292.84 1073.21 63.61 0.000 
Interaction 6 438.15 438.15 73.03 4.33 0.009 
Residual Error   16 269.95 269.95 16.87 14.75 0.002 
Lack-of-Fit    10 259.40 259.40 25.94   
Pure Error      6 10.55 10.55 1.76   
Total  30 6696.63    
 
 
 
 
 
Figure 1: Parity plot of experimentally observed versus model predicted FAME yield 
3.4 Optimum reaction condition 
The optimum reaction condition was obtained using response surface optimizer for maximum FAME yield. From the DOE 
software, the optimum reaction variables are 3 minutes of MWHT, 1.75 wt% NaOH concentrations, 6.75 MeOH to oil molar ratio 
and 35 minutes of reaction time. At optimal condition 96.12 wt% FAME yield was predicted from model equation. Experiments were 
conducted twice at the optimal condition to observe the significance of the model equation. At optimal condition, 95.4± 0.3 wt% 
FAME yield was observed. The result signifies the predicted yield and the experimentally achieve yield are in good agreement with 
each other. 
 
4. Conclusion 
Both microwave energy pre-treated oil as well as untreated oil transesterification with methanol using NaOH as alkaline catalyst 
were investigated. Castor oil free fatty acid was reduced to less than 2% using esterification reaction before it was used for 
transesterification reaction. It was observed that microwave irradiation of castor oil prior to transesterification reaction exhibited a 
gain of 11.57 wt. % fatty acid methyl ester (FAME) yield while reducing the reaction time from 60 minutes to 30 minutes.  Central 
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composite design (CCD) of response surface method (RSM) was used to investigate the individual and cross effect of the reaction 
variables. It was observed that both the individual and interaction effect of the variables have significantly affected the yield of 
FAME. The reaction variables were optimized statistically using response surface optimizer of DOE software. At optimal condition, 
experimentally observed yield was compared with model predicted FAME yield. It can be conclude that microwave energy pre-
treatment of castor oil is a good strategy to enhance the rate of reaction as well as to achieve a better yield of FAME. 
Acknowledgements 
Authors would like to acknowledge Universiti Teknologi PETRONAS for funding, providing laboratory facilities and 
encouragement to carry out this work. 
References 
[1] N. N. A. N. Yusuf, S. K. Kamarudin, Z. Yaakub, Overview on the current trends in biodiesel production,  Energ Conver and Manag,  52(2011)  2741-2751. 
[2] A. E.,Atabani, A. S. Silitonga, I. A. Badruddin, T. M. I. Mahlia, H. H. Masjuki, S.,Mekhilef, A comprehensive review on biodiesel as an alternative energy 
resource and its characteristics, Renew  Sustain Energ Reviews, 16(2012), 2070-2093. 
[3] M. K. Lam, K. T. Lee,  A. R. Mohamed, Homogeneous, heterogeneous and enzymatic catalysis for transesterification of high free fatty acid oil (waste cooking 
oil) to biodiesel: a review,  Biotechnol advances, 28(2010) 500-518.  
[4] S. M. Hailegiorgis, S. Mahadzir, D. Subbarao, Parametric Study and Optimization of In Situ Transesterification of Jatropha curcas l Assisted by 
Benzyltrimethylammonium Hydroxide as a Phase Transfer Catalyst via Response Surface Methodology,  Biomass Bioenerg, .49(2013)  63-73. 
[5] S.M. Hailegiorgis, S. Mahadzir, D. Subbarao, Enhanced in situ ethanolysis of Jatropha curcas l. in the presence of phase transfer catalyst, Renew Energ.  36 
(2011) 2502-2507. 
[6] S.M. Hailegiorgis, S. Mahadzir, D. Subbarao, In situ transesterification of non-edible oil in the presence of cetyltrimethylammonium bromide, Int. J. Global 
Environ Issues, 12(2012) 161-170. 
[7] S.M. Hailegiorgis, S. Mahadzir, and D. Subbarao, Reactive extraction of jatropha curcas l assisted by phase transfer catalyst for the production of biodiesel, 
National post graduate conference(npc2011),Print ISBN: 978-1-4577-1882-3, INSPEC Accession Number: 12494954 DOI : 10.1109/NatPC.2011.6136271 245. 
[8] J. M. Danlami, A.Arsad,  M. A. A. Zaini, Characterization and process optimization of castor oil (Ricinus communis L.) extracted by the soxhlet method using 
polar and non-polar solvents, J Taiwan Inst Chem Eng, 47 (2015), 99-104. 
[9] V. Scholz, & J. N. da Silva, Prospects and risks of the use of castor oil as a fuel, Biomass Bioener, 32 (2008) 95-100.  
[10] A. T. Bale, R. T. Adebayo, D. T. Ogundele, V. T. Bodunde, Fatty Acid Composition and Physicochemical Properties of Castor ( Ricinus Communis L. ) Seed 
Obtained from Malete, Moro Local Government Area, Kwara State. Nigeria, Chemistry and Materials Research, 3(2013) 11-13 
[11] A. Omari1, Q. A. Mgani, E. B. Mubofu, Fatty Acid Profile and Physico-Chemical Parameters of Castor Oils in Tanzania, Green and Sustainable Chemistry, 
5(2015) 154-163 
[12] M. Larhed, C. Moberg,  A. Hallberg, Microwave-Accelerated Homogeneous Catalysis in Organic Chemistry, Acc  Chem  Res,   35(2002)  717-727. 
[13] A. K. Nagariya, A. K. Meena, Kiran, A. K. Yadav, U. S. Niranjan, A. K. Pathak, B. Singh, M. M. Rao, Microwave assisted organic reaction as new tool in 
organic synthesis, Journal of Pharmacy Research,  3(2010)  575-580. 
[14] G. D. Yadav, P. M. Bisht, Novelties of microwave assisted liquid-liquid phase transfer catalysis in enhancement of rates and selectivities in alkylation of phenols 
under mild conditions, Catal Commun,  5(2004)  259-263.  
